A destoner fractionation process was used to separate distillers dried grains with solubles (DDGS) into streams with various compositions. Results showed that destoner fractionation was somewhat efficient and effective. Runs with 8Â° angle and 27.5 percent air flow resulted in the highest value of protein and oil, which the light fraction had 28.15% protein, 10.50% oil, while the heavy fraction had 31.30% protein and 17.20% oil. Particle size distribution had a positive correlation coefficient (0.93) with oil parameters and a negative correlation coefficient (-0.96) with moisture parameters. Fiber had no relationship with particle size, and protein had a weak correlation coefficient with (-0.54) to particle size. Abstract. A destoner fractionation process was used to separate distillers dried grains with solubles (DDGS) into streams with various compositions. Results showed that destoner fractionation was somewhat efficient and effective. Runs with 8° angle and 27.5 percent air flow resulted in the highest value of protein and oil, which the light fraction had 28.15% protein, 10.50% oil, while the heavy fraction had 31.30% protein and 17.20% oil. Particle size distribution had a positive correlation coefficient (0.93) with oil parameters and a negative correlation coefficient (-0.96) with moisture parameters. Fiber had no relationship with particle size, and protein had a weak correlation coefficient with (-0.54) to particle size.
Introduction
With pressure from demand for fossil fuels, the supply of ethanol from corn as a fuel additive has been increasing, and the US ethanol industry has grown rapidly in recent years (Schnepf and Yacobucci, 2013) . In 2011 United States fuel ethanol production was reached 13.9 billion U.S. liquid gallons (52.6 billion liters) and the top producer in the world (RFA, 2012) . In the US, the fuel ethanol industry is mainly based on corn as the major raw material, and is used in the dry grind method of production (Rosentrater, 2006) .
There are three products generated from corn-based fuel manufacturing: bioethanol, distillers dried grains with solubles (DDGS) (or other co-products), and carbon dioxide.
Marketing of DDGS as an ingredient is directly related to sustainability of the dry grind plant, and is sold at a varying market price (US$85-300/ton) (Liu, 2008) .
DDGS is mainly composed of protein, fiber, and fat, and is a dry mix of particulate materials.
Due to various particle compositions, with high protein and high fiber particle, a method which can divide DDGS into high protein and high fiber fractions could contribute extra economic benefit (RFA, 2012) . A high protein fraction will have a greater value as a feed to animals (Belyea et al., 2004) , and a high fiber fraction has more potential for corn fiber gum or raw material for lignocellulose ethanol production (Singh et al., 2002) .
Sieving is a possible method to separate the various components of DDGS. Liu (2009) sieved four commercial samples of DDGS. Sieving was effective in producing fractions with varying compositions. As the particle size decreased, protein and ash contents increased, and total carbohydrate (CHO) decreased. Winnowing sieved fractions was also effective in shifting composition, particularly for larger particle classes. Srinivasan et al. (2009) designed an experiment to sieve DDGS at a rate of 0.25 kg/s (1 ton/h), which split DDGS into four fractions; the three largest sieve fractions were then air classified using aspirators to separate fiber. Final results showed that nearly 12.4% by weight of DDGS was separated as fiber product, and two high protein products that had low fiber contents.
Aspiration is another method which has been attempted by researchers (Garcia and Rosentrater, 2008) . They used three screenings and three air classifications as unit operations to separate a variety of sizes. After milling, an aspirator was used to process to the treated DDGS, which separated it into high and low terminal velocity fractions. The combination of the undersize fraction and the low terminal velocity fraction were substantially enriched in protein.
The separation achieved by this process compared favorably to other reported processes, but was less complex. All these methods are ambiguous in efficiency and economies, which is far from the goal of sustainable industrial production.
A destoner is a simple and efficient machine to remove stones and soil from grains. Its principle is to use air flow and shaking to separate. The stones stay on the top of the screen and the grains through it. The greatest advantage of a destoner is that it is convenient and fairly inexpensive to operate, and thus might be appropriate for industrial production (Heiland and Kozempel, 1988) .
Through some research has been done to study fractionation of DDGS, these methods have only met with limited, varying degrees of success. Thus, the main objective of this research was to explore whether using a destoner is a reliable and useful method to separate DDGS into various compositions. In addition, using results from particle size, this study evaluated the relationships between particle size and chemical content, including protein, moisture, fat and fiber. ANOVA were used to test each property to determine whether significant differences existed away fractions using a Type I (α) error rate of 0.05; if so, post-hoc LSD tests were conducted using a 95% confidence level to determine where those differences occurred (Meier, 2006) . Comparing to other methods of dry fractionation, the destoner fractionation had a higher value both in protein and fat than Wu and Stringfellow (1986) , except for mesh size over sieve no. 80. Also, the results of protein in destoner fractionation from the light fraction had a higher value than the aspirated fraction from the method of aspirating, but our heavy fraction was very similar; but in the oil composition, the destoner fractionation had an evident advantage both in the heavy and light fraction (Singh et al, 2002) . However, comparing with the method of sieving and elutriation, sieving had a higher efficiency in selecting protein and fiber, but not in oil;
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elutriation had an evident lower value in protein and oil, but was a little higher in fiber (Srinivasan et al, 2005) .
After comparing with other research results, our destoner fractionation may have a better separating rate in protein and oil, especially the latter; but it was not great in separating fiber.
Based on an overall analysis of conditions in all fractions, when the destoner was set at an angle of 8° and air flow was 27.5%, the separation rate had the most economical combined efficiency.
In order to further explore the relationships between the heavy and light fractions, the fraction composition data were examined as shown in Figure 1 , 2 and Fig 3. According to the figures, it is clearly shown that the heavy fraction had a higher value in oil and protein, lower value in moisture, and similar value in fiber to the unfractionated DDGS. It can be assumed that particle size was a possible cause of the differences in composition. In order to prove that assumption, least significant difference (LSD) was tested, with results shown in Table 7 .
With the LSD analysis (Table 7) , the results clearly show served trends: moisture and fiber didn't have a significant difference between heavy and light; protein had a weak significant difference, while oil had a strong significant difference between heavy and light fractions.
Considering the limitation of the samples, these results show the variation in properties of composition from only one ethanol plant; these trends should be investigated using more samples from other plants in future study.
According to the LSD results, it approved that the compositions of different fractions were influenced by the individual particle size; this needed to be proved by a correlation test. In order to prove the assumption, DDGS samples were separated by sieving. Each sample was tested by NIR, and all the data were combined and analyzed (Table 5) . Using correlation tests, the final result are shown in Table 7 , which is helpful to find the linear correlation between each data point and all other respective points. Table 7 clearly shows that moisture and particle size, moisture and oil had strong negative correlations. Also, oil and particle size had a strong positive correlation. An explanation to this result is that in these samples, intact germ, which contained highest amount of oil, was visible and naturally went to larger size fractions during sieving (Liu, 2008) . Moisture is decided by water content, which solubility is opposite to oil, causing a negative correlation between oil and moisture. Fiber doesn't have a correlation with particle size, which similar to the results of Clementson and Ileleji (2012) . The propensity of protein was weakly influenced by the particle sizes of various DDGS fractions, which was a similar result with other research groups (Liu, 2008 and Clementson and Ileleji, 2012 ). An explanation of this result is that protein is equally distributed in the DDGS and doesn't affect the construction of intact germ, which is proportional to particle size (Liu, 2008) .
Conclusions
The main objectives of this research were to explore whether destoner fractionation was effecting in separating DDGS into components, and to examine the relationships between particle size and chemical content. The final results showed that destoner fractionation was somewhat efficient to separate oil fractions of DDGS, and 8° angle and 27.5% air flow had the highest value. Also, compared with other methods, destoner fractionation has advantages of relatively high efficiency and low cost, after considering the whole procedure. Particle size distribution had a positive correlation to oil, and a negative correlation to water. Fiber had no relationship with particle size, while protein had a weak correlation with particle size. Further fractionation should be explored reasons in future research. 
